Abstract. Certain patients with hepatitis B virus (HBV) infection present with persistently low levels of serum hepatitis B surface antigen (HBsAg) and have been indicated to have low rates of HBV nucleic acid replication. To explore the serological and molecular epidemiological characteristics of HBV population with low-level HBsAg in the present study, associated serum markers and virologic genotype detection were performed accordingly. Determination of HBV markers was performed using a chemiluminescence immunoassay from which 2,544 out of 45,256 adults who underwent routine health examination were tested positive for HBsAg. HBV DNA was detected by real-time fluorescent quantitative PCR. The patients were divided into low-level and high-level groups, according to their HBsAg levels (cut-off value, 10 IU/ml). The prevalence and levels of HBsAg positivity and HBV DNA in patients with HBV infection were analyzed by age, sex, serological pattern and clinical type. The fibrosis status of patients with low-level HBsAg was assessed by determining the aspartate aminotransferase-to-platelet ratio (APRI), and sequencing was employed to determine serotypes and genotypes. HBV-infected patients with low-level HBsAg (<10 IU/ml) accounted for 15.41% of the 2,544 HBsAg-positive patients, and the prevalence of HBsAg positivity exhibited a tendency to increase with age. The male-to-female ratio was ~1.9:1, and the average age was 54.98±16.28 years among HBV-infected patients with low-level HBsAg. The major serological pattern and clinical types were HBsAg/antibody against hepatitis Be antigen (anti-HBe)/antibody against hepatitis B core antigen (anti-HBc)-positive (94.90%) and chronic asymptomatic (ASC) (97.95%), respectively. HBV DNA exhibited a low-level of replication and the prevalence of HBV DNA positivity assessed by the routine method and by the enrichment method was 27.74% (97/392) and 45.92% (180/392), respectively. No significant differences among the age groups were identified in the different HBsAg level groups (P>0.05). The prevalence of HBV DNA positivity was associated with HBsAg only in patients with serological pattern HBV-M2 (HBsAg/anti-HBe/anti-HBc-positive) in the low-level HBsAg group (odds ratio: 1.30; 95% CI: 1.15-1.47; P<0.05). The APRI had no association with age, HBsAg, HBV DNA level or liver function index in ASC patients in the low-level HBsAg group (P>0.05). The prevalence of the serotype adw and genotype B was 85.53 and 89.47%, respectively. Further improvement in the systematic study of populations with low-level HBsAg has important clinical and epidemiological significance for improving the detection of HBV serological markers, elucidating the mechanisms leading to low-level HBsAg, overcoming immune tolerance to eliminate HBV infection and preventing HBV transmission.
Abstract. Certain patients with hepatitis B virus (HBV) infection present with persistently low levels of serum hepatitis B surface antigen (HBsAg) and have been indicated to have low rates of HBV nucleic acid replication. To explore the serological and molecular epidemiological characteristics of HBV population with low-level HBsAg in the present study, associated serum markers and virologic genotype detection were performed accordingly. Determination of HBV markers was performed using a chemiluminescence immunoassay from which 2,544 out of 45,256 adults who underwent routine health examination were tested positive for HBsAg. HBV DNA was detected by real-time fluorescent quantitative PCR. The patients were divided into low-level and high-level groups, according to their HBsAg levels (cut-off value, 10 IU/ml). The prevalence and levels of HBsAg positivity and HBV DNA in patients with HBV infection were analyzed by age, sex, serological pattern and clinical type. The fibrosis status of patients with low-level HBsAg was assessed by determining the aspartate aminotransferase-to-platelet ratio (APRI), and sequencing was employed to determine serotypes and genotypes. HBV-infected patients with low-level HBsAg (<10 IU/ml) accounted for 15.41% of the 2,544 HBsAg-positive patients, and the prevalence of HBsAg positivity exhibited a tendency to increase with age. The male-to-female ratio was ~1.9:1, and the average age was 54.98±16.28 years among HBV-infected patients with low-level HBsAg. The major serological pattern and clinical types were HBsAg/antibody against hepatitis Be antigen (anti-HBe)/antibody against hepatitis B core antigen (anti-HBc)-positive (94.90%) and chronic asymptomatic (ASC) (97.95%), respectively. HBV DNA exhibited a low-level of replication and the prevalence of HBV DNA positivity assessed by the routine method and by the enrichment method was 27.74% (97/392) and 45 .92% (180/392), respectively. No significant differences among the age groups were identified in the different HBsAg level groups (P>0.05). The prevalence of HBV DNA positivity was associated with HBsAg only in patients with serological pattern HBV-M2 (HBsAg/anti-HBe/anti-HBc-positive) in the low-level HBsAg group (odds ratio: 1.30; 95% CI: 1.15-1.47; P<0.05). The APRI had no association with age, HBsAg, HBV DNA level or liver function index in ASC patients in the low-level HBsAg group (P>0.05). The prevalence of the serotype adw and genotype B was 85.53 and 89.47%, respectively. Further improvement in the systematic study of populations with low-level HBsAg has important clinical and epidemiological significance for improving the detection of HBV serological markers, elucidating the mechanisms leading to low-level HBsAg, overcoming immune tolerance to eliminate HBV infection and preventing HBV transmission. Certain patients with HBV infection have been reported to have low serum HBsAg levels (1-5) with confirmed nucleic acid replication (6) (7) (8) , a result that poses new challenges for the prevention and treatment of hepatitis B. These phenomena have drawn attention from clinicians, laboratory diagnostic experts, epidemiologists and molecular biologists (9) (10) (11) (12) (13) (14) (15) . It is widely accepted that the level of HBsAg and HBV DNA decreases progressively from the immune-tolerant to the low replicative phase. This phenomenon is thought to be associated with anti-viral therapy or the occurrence of complex host-virus interactions during the natural course of HBV infection (16, 13) . The clinical outcome of HBV-infected patients with low-level HBsAg is usually more satisfactory (17, 18) . A retrospective cohort study by Li et al (19) indicated that interferon treatment results in HBsAg loss and seroconversion in inactive HBsAg carriers with serum HBsAg levels <100 IU/ml and undetectable levels of HBV DNA (<100 IU/ml). Seto et al (20) reported on the results of a large case-control study regarding the predictability of HBsAg levels three years prior to HBsAg seroclearance; it was indicated that serum HBsAg <200 IU/ml and a 0.5-log reduction in HBsAg were predictive of HBsAg seroclearance within three years of follow-up. However, the kinetics of HBsAg levels preceding spontaneous HBsAg seroclearance have not been fully investigated, and there are few reports on the clinical characteristics or association between HBV DNA and HBV markers in populations with low HBsAg levels (6,7). The present study aimed to investigate the clinical features and association of persistent low-level HBsAg in a population of patients with HBV infection who underwent a physical examination. The results have important clinical significance regarding the accumulation of clinical, virological and molecular epidemiological data and the prevention of HBV transmission, particularly in the HBV-infected population with low HBsAg levels.
Clinical characteristics and association analysis of persistent low-level HBsAg expression in a physical examination population with HBV infection

Materials and methods
Sample collection. Prior to enrollment, each participant provided written informed consent to participate in the study. 6C36-32) for HBsAg screening were used. Subsequently, HBsAg-positive serum samples from 2,544 subjects with HBV infection were included in the study. The subjects with low-level HBsAg (<10 IU/ml) received at least three follow-up examinations within 3-12 months (once every three months) to distinguish them from patients in the early stages of HBV infection, those with acute HBV infection, and those who had short-term or transient low HBsAg levels due to being in the recovery stage of the HBsAg/anti-HBs transition. A low HBsAg level in patients with HBV infection was defined as the absence of an HBsAg level ≥10 IU/ml during the entire follow-up period of the study. None of the patients had received any anti-viral drugs or treatment for liver protection, aminotransferase activity reduction or immunomodulation within six months prior to serum collection. The specimens collected were preserved at -70˚C.
Determination of clinical laboratory parameters.
Clinical laboratory and demographic parameters, including age, sex, albumin (ALB), total bilirubin (TBil), alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood platelets (PLT), HBsAg, antibody against HBsAg (anti-HBs), hepatitis Be antigen (HBeAg), antibody against HBeAg (anti-HBe), antibody against hepatitis B core antigen (anti-HBc) and HBV DNA, were determined and recorded at the time of physical examination. The AST-to-platelet ratio (APRI) was calculated. Biochemical tests were performed using an Architect C8000 analyzer (Abbott Core Laboratory), and PLT was determined with an XE2100 blood analyzer (Sysmex). Serum HBV DNA was measured using the StepOne Plus Real-Time PCR System (Applied Biosystems; Thermo Fisher Scientific, Inc.). HBV and other serum markers were measured using the Architect i2000 (Abbott Core Laboratory) and the Maglumi 4000 (Shenzhen New Industries Biomedical Engineering Co., Ltd.) according to the manufacturer's protocol. HBV DNA >30 IU/ml, HBsAg >0.05 IU/ml, anti-HBs >10 mIU/ml, HBeAg >1.0 S/CO (defined as sample relative light unit/relative cut-off light unit), anti-HBe <1.0 S/CO or anti-HBc >1.0 S/CO indicated positive results. If the HBsAg value measured in the Architect i2000 analyzer was >250 IU/ml, the sample was diluted to the measurable range (<250 IU/ml) in normal saline.
To verify the accuracy and consistency of the quantitative measurement of HBsAg levels, another CMIA was performed on 100 randomly selected HBsAg-positive specimens using a Maglumi 4000 analyzer and the matching HBsAg kits (cat. no. 130210001M). The neutralization test was used to confirm the results indicating low-level HBsAg levels. Confirmation of HBsAg using the neutralization test was performed as follows: First, 100 µl of the collected HBsAg-positive serum sample was added to two sample tubes. Subsequently, either 100 µl of anti-HBs (1,000 IU/ml; Acon Biotech; for measurement) or 100 µl normal saline (as a control) was added; the samples were mixed well and incubated in a 37˚C water bath for 30 min, followed by determination of HBsAg using the CMIA method. If [(control value-measurement value)/control value] ≥50%, the original serum was considered HBsAg-positive; otherwise, the original serum was considered to be a false-positive for HBsAg.
Extraction and detection of HBV DNA. HBV DNA was extracted from patients' sera using the NP968 nucleic acid extraction system and a nucleic acid extraction kit (TianLong Science and Technology Co., Ltd) with slight modifications to the routine and enrichment methods. In brief, in the routine method, the 96-well plates for HBV DNA extraction were placed in the NP968 nucleic acid extraction system, and 200 µl of the serum samples and 20 µl of trypsin were added to the first column. The magnetic bars were moved from the second column (with immunomagnetic beads) to the first column, followed by lysis at 90˚C for 15 min. Subsequently, the magnetic bars were moved from the first column wells to the 3rd column and then to the 4th column; the wells in each column were then washed for 2 min at 85˚C. Finally, the magnetic bars were placed into the wells of the fifth column, followed by elution at 85˚C for 5 min in an elution volume of 100 µl. The magnetic bars were removed, and the magnetic beads were discarded. A total of 100 µl of eluent (i.e., HBV DNA extract) was collected for real-time quantitative fluorometric detection of HBV DNA, according to the manufacturer's protocol of HBV DNA fluorescence quantitative detection reagent kit [ACON Biotech (Hangzhou) co., Ltd.] and an ABI StepOnePlus™ real-time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). Additionally, only difference between the enrichment method and routine method was that 500 µl serum samples and 50 µl trypsin were added to the first column in the first stage (Slight modifications). The remaining HBV DNA extract was stored at -70˚C. In the assessment of the results, levels of ≥30 IU/ml were considered HBV DNA-positive. In addition, HBV DNA was extracted from the low-level HBsAg group using the enrichment method. The enrichment method utilized 500 µl of the serum samples and 50 µl of trypsin; the remaining steps were identical to those of the routine method.
Sequencing of HBV gene S. The HBV gene S was examined in all 97 cases in the low-level HBsAg group and in 100 randomly selected cases from the high-level HBsAg group, the members of which were positive for HBV DNA by the routine method. The HBV gene S was amplified using the nested PCR method as described in the literature (21) . The positive PCR product was recovered, purified and sent to Sangon Biotech Co., Ltd. for sequencing. The primers used for amplification included a pair of outer primers for amplification, including forward, Pre-denaturation at 95˚C for 3 min; followed by five cycles of denaturation at 95˚C for 30 sec, annealing at 57 to 53˚C for 30 sec (a temperature decrease of 1˚C per cycle) and extension at 72˚C for 30 sec; followed by 30 cycles of denaturation at 95˚C for 30 sec, annealing at 53˚C for 30 sec and extension at 72˚C for 30 sec; and a final extension at 72˚C for 2 min. The PCR products from the first round of amplification were used as the DNA template in the second round of amplification, which was performed using the same amplification conditions and reaction system as in the first round. The primers used for amplification were also used as the primers for sequencing. The information obtained from sequencing was assembled using the subprogram SeqMan of Lasergene software (Version 7.1.0; DNAstar, Inc.) followed by a comparison of the sequences using BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) (22) .
Genotype and serotype analysis. MEGA v6.0 software (23) was used to compare and splice the S gene. The neighbor joining method was used for the homologous analysis of the sequences obtained from sequencing and the reference sequences of the genotypes downloaded from GenBank (24): A (GenBank accession nos, AF090842 and X02763), B (GenBank accession nos, AB033554, AF100309 and D00329), C (GenBank accession nos, AB014381, AY123041 and X04615), D (GenBank accession nos, M32138, X65259 and X85254), E (GenBank accession nos, AB032431 and X75657), F (GenBank accession nos, X69798, AB036910, AF223965), G (GenBank accession nos, AB064310, AF160501 and AF405706), and H (GenBank accession nos, AY090454, AY090457 and AY090460) (considered to be the same genotype when homology to the S gene was ≥96%) (25) . Serotypes were determined based on the expression of amino acids at specific sites in the sequence of the S gene according to the literature (26) .
Grouping. According to the HBsAg levels measured and using 10 IU/ml as the cut-off value (3,6,7), a total of 2,544 subjects were grouped into a low-level HBsAg group (<10 IU/ml) and a high-level HBsAg group (≥10 IU/ml) (3,6,7). The high-level HBsAg group was further subdivided into three groups based on cut-off values, 100 IU/ml (19, 20) and 200 IU/ml (16, 20) ; the three groups included a ≥10-100 IU/ml group, a ≥100-200 IU/ml group and a ≥200 IU/ml group.
Patients with HBV infection were classified into six serological pattern groups based on the presence of specific HBV serological markers (HBsAg, anti-HBs, HBeAg, anti-HBe and anti-HBc). For convenience, HBV-M1, -M2, -M3, -M4, -M5 and -M6 were used to represent the HBsAg/HBeAg/anti-HBc-positive, HBsAg/anti-HBe/anti-HBc-positive, HBsAg/anti-HBc-posit ive, H BsAg / H BeAg /a nt i-H Be/a nt i-H Bc-p osit ive, HBsAg/anti-HBs/HBeAg/anti-HBc-positive, and HBsAg/antiHBs/anti-HBe/anti-HBc-positive serotype, respectively.
According to the laboratory test results for ALT and clinical diagnostic criteria (27) (28) (29) (30) , the patients with HBV infection were divided into asymptomatic carriers of HBV (ASC) and chronic HBV infection (CHB). ASCs is defined as HBsAg positivity for >6 months, low or undetectable serum HBV DNA levels and normal serum ALT levels (<40 IU/ml); CHBs is defined as HBsAg positivity for >6 months, abnormal or persistently elevated ALT (ALT≥40 IU/ml) and/or concomitant clinical manifestations of fatigue, nausea, abdominal distention, liver pain.
Using 10 years of age as the intergroup interval, the patients with HBV infection were divided into five age groups as follows: <30, ≥30-40, ≥40-50, ≥50-60 and ≥60 years of age.
Statistical analysis. The measurement data are expressed as the mean ± standard deviation or median (quartiles), and the count data are expressed as n (%). The prevalence of positivity for HBsAg and HBV DNA, and the composition ratios of the different groups were compared using the Chi-squared test. The means of the different groups were compared based on the distribution types using the corresponding t-test or analysis of variance (ANOVA) for data with equal variances (assumed and not assumed), while the Student-Newman-Keuls (SNK)-q test was used to compare data among multiple groups, and the Mann-Whitney-U test and Kruskal-Wallis H-test were used for non-parametric data of two groups and multiple groups, respectively. Associations of HBV DNA, HBsAg and APRI with age, HBV markers and liver function indexes were analyzed using linear or logistic regression. A stepwise logistic regression model was used to test the association between outcome variables and associated factors whereby the variables with P<0.1 on univariate analysis were subjected to multivariate logistic regression analysis. Plots were prepared using GraphPad Prism 6 for Windows (GraphPad Software, Inc.). Analysis of the data was performed using SPSS 12.01 for Windows. P<0.05 was considered to indicate a statistically significant difference. Values are expressed as n (%).
a There were not only statistically significant differences among different age groups but also an association between HBsAg-and HBV DNA-positive prevalence and age according to logistic regression.
b HBV DNA positivity was assessed using a routine method. According to the results obtained using the enrichment method, 12 (12/26, 46.15%), 21 (21/46, 45.65%), 38 (38/82, 46.34%), 37 (37/82, 45.12%) and 72 (72/156, 46.15%) of the subjects in the age groups of <30, ≥30-40, ≥40-50, ≥50-60 and ≥60 years, respectively, were positive for HBV DNA; there were no significant differences in HBV DNA-positive prevalence among the age groups. The difference appears to be associated with the proportion of HBV DNA positivity in the low-level HBsAg group and the ≥10-100 IU/ml group. HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen.
Results
HBsAg measurement and verification. To verify the accuracy of HBsAg determination, 100 of the 2,544 HBsAg-positive specimens were randomly selected and tested using a Maglumi 4000 analyzer and the supporting HBsAg kits; the results of this measurement were compared with the results obtained using the Architect i2000 analyzer and the matching HBsAg kits. The results indicated that the correlation between the two instruments was satisfactory [correlation coefficient (r)=0.985; P<0.05]; furthermore, the r-value obtained for HBsAg <10 IU/ml was 0.991. To ensure the comparability of the results for HBsAg in the present study, the samples were grouped based on the quantitative results obtained using the Architect i2000 analyzer and the matching HBsAg kits. Table I ). There were no significant differences between the sexes in mean age or HBsAg-positive prevalence (P>0.05), but differences were identified in the prevalence of HBsAg positivity among different HBsAg level groups and age groups (P<0.05; Tables I  and II ). In addition, the HBsAg-positive prevalence exhibited a tendency to increase with age in the low-level HBsAg group according to linear regression (P<0.05; Table I ; Fig. 1A) . Furthermore, an increase in the prevalence of HBsAg positivity in the distribution prior to 50 years of age and a decrease after 50 years of age was observed in the high-level HBsAg group (Fig. 1B) . The lower prevalence of HBsAg positivity in patients aged <30 years in the high-level HBsAg group is likely to be linked to the implementation of an HBV vaccination program in China in 1992 (31) . In addition, the lower prevalence of HBsAg in patients >50 years of age in the high-level HBsAg group may be associated with spontaneous HBsAg seroclearance; the levels of HBsAg and HBV DNA gradually decrease with age due to host-virus interactions (natural clearance phase) (32) .
HBV DNA-positive prevalence and clinical laboratory parameters in 2,544 cases of HBV infection. Of the 2,544
HBsAg-positive subjects, 2,093 were ASC and 451 had CHB. The male-to-female ratio was ~1.9:1 (Table I ). There were no If the HBV DNA level was <30 IU/ml, the log value was considered to be 0 IU/ml; if the HBV DNA level was ≥30 IU/ml, the actual logarithm value was calculated. APRI, AST-to-platelet ratio; CHB, chronic HBV infection; ASC, asymptomatic HBV carriers; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; anti-HBs, antibody against HBsAg; HBeAg, hepatitis B e antigen; anti-HBe, antibody against HBeAg; anti-HBc, antibody against hepatitis B core antigen; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PLT, blood platelets; TBil, total bilirubin. significant differences in the HBV DNA-positive prevalence between the sexes or among age groups (P>0.05; Fig. 1C and D) . However, differences in the HBV DNA-positive prevalence were noted among the different HBsAg level groups (P<0.05; Tables I and II) , and the HBV DNA-positive prevalence in the low-level HBsAg group determined using the routine method was lower than the prevalence determined using the enrichment method (P<0.05; Fig. 1C ). Except for anti-HBc, all of the clinical laboratory parameters of the 2,544 cases of HBV infection exhibited statistically significant differences between ASC and CHB (P<0.05; Table II) . When the clinical laboratory parameters were analyzed with stratification by sex, statistically significant differences in the mean values of HBeAg (male, 122.90±349.76 S/CO; female, 125.62±383.38 S/CO), anti-HBc (male, 12.77±2.21 S/CO; female, 12.19±2.94 S/CO) and mean log values of HBV DNA (male, 3.08±2.84 IU/ml; female: 2.77±2.94 IU/ml) between the two sexes became apparent (P<0.05). These differences may be linked to the presence of different HBV markers, serological patterns and clinical types in the two sexes and may therefore not be clinically meaningful (data not shown).
Clinical type
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Distribution of serological patterns and clinical types among the 2,544 cases of HBV infection.
The subjects were grouped based on an HBsAg threshold level of 10 IU/ml. In the low-level HBsAg group, the major serological pattern was HBV-M2 (HBsAg/anti-HBe/anti-HBc-positive; 372/392, 94.90%) and the major clinical type was ASC (384/392, 97.95%). In the high-level HBsAg group, the major serological patterns were HBV-M2 (HBsAg/anti-HBe/anti-HBc-positive; 1,627/2,152, 75.60%) and HBV-M1 (HBsAg/HBeAg/anti-HBc-positive; 433/2,152, 20.12%), and the ratios of the clinical types ASC and CHB were (1,709/2,152, 79.41%) and (443/2,152, 20.59%) respectively (Table III) . There were no significant differences in the major serological patterns and the major clinical types between the different HBsAg level groups (<10, ≥10-100 and ≥100-200 IU/ml; P>0.05; Fig. 2A vs. 2B vs. 2C), whereas there were significant differences in the major serological patterns and major clinical types between the three groups (<10, ≥10-100 and ≥100-200 IU/ml) and HBsAg ≥100-200 IU/ml group (P<0.05, Fig. 2A-C vs. 2D ).
As presented in Table III , the mean age of the patients with the major serological patterns and the major clinical types in the low-level HBsAg group, as well as the mean age of the Prevalence of different levels of HBsAg positivity in the high-level HBsAg groups (≥10-100, ≥100-200 or ≥200 IU/ml and total group) according to age in a physical examination population. P<0.05, ≥10-100 IU/ml group vs. ≥100-200 group, ≥10-100 IU/ml group vs. ≥200 IU/ml group and ≥10-100 IU/ml group vs. ≥200 IU/ml group. (C) Prevalence of HBV DNA positivity in the low-level HBsAg group according to age in a physical examination population. P<0.05, enrichment method group vs. routine method group. (D) Prevalence of HBV DNA positivity in the high-level HBsAg group (≥10-100, ≥100-200 or ≥200 IU/ml, and total group) according to age in a physical examination population. P<0.05, ≥10-100 IU/ml group vs. ≥100-200 group, ≥10-100 IU/ml group vs. ≥200 IU/ml group and ≥10-100 IU/ml group vs. ≥200 IU/ml group. HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; y, years. entire low-level HBsAg group, were higher than the mean age of the patients in the high-level HBsAg group (P<0.05). In addition, in the high-level HBsAg group, the mean age of the patients with the serological pattern HBV-M1 was lower than that of the patients with the HBV-M2 and HBV-M3 patterns and the clinical subtype ASC (P<0.05). The positive prevalence of HBsAg and HBV DNA (determined by the routine method and the enrichment method) was lower, and the proportions of HBV-M2 and ASC were higher in the low-level HBsAg group than in the high-level HBsAg group (P<0.05). However, no significant differences were determined in the gender distribution of the HBsAg-positive and HBV DNA-positive patients with the routine method or the enrichment method among the major serological patterns and clinical types in the high-and low-level HBsAg groups (P>0.05; Table III) . Table III . Distribution of serological patterns and clinical types in 2,544 subjects with chronic HBV infection in two groups. Values are expressed as n (%) or the mean ± standard deviation. The routine method was used to measure HBV DNA levels in the low-level and high-level HBsAg groups, and the results in parentheses were obtained using the enrichment method in the low-level HBsAg group. Comparison and association analysis of HBV DNA with HBV markers of the major serological patterns and clinical types. After grouping the subjects based on their HBsAg levels (<10, ≥10-100, ≥100-200 and ≥200 IU/ml), ANOVA or non-parametric tests were used to analyze the differences in major serological patterns and clinical types in the different HBsAg level groups. The mean values of log HBV DNA, HBsAg, HBeAg and anti-HBc of ASC patients and patients with the serological pattern HBV-M2 in the low-level HBsAg group were lower than those in the high-level HBsAg group (P<0.05; Table IV), whereas the mean levels of anti-HBs and anti-HBe in the low-level HBsAg group were higher than those in the high-level HBsAg group (P<0.05; Table IV ). In the high-level HBsAg group, there were significant differences in the mean values of HBV markers and age for patients with the serological pattern HBV-M1 among serological patterns and between clinical types (P<0.05; Table IV ). There were no significant differences in the major serological patterns and the major clinical types between the different HBsAg level groups (<10, ≥10-100 and ≥100-200 IU/ml; P>0.05; Fig. 2A vs. 2B vs. 2C), but there were significant differences in the major serological patterns and the major clinical types between the three groups (<10, ≥10-100 and ≥100-200 IU/ml) and HBsAg ≥100-200 IU/ml group. P<0.05, Fig. 2A, B The association of HBV DNA positivity with the HBV markers for patients with the serological pattern HBV-M1, M2 and M3 were analyzed using logistic regression in the high-level and low-level HBsAg groups (Table V) . The HBV DNA-positive prevalence was associated with HBsAg of serological HBV-M2 only in the low-level HBsAg group (OR: 1.30; 95% CI: 1.15-1.47; P<0.05) and was associated with anti-HBs, anti-HBe and/or anti-HBc of the HBV-M2, HBV-M1 and HBV-M3 serological patterns in the high level HBsAg group (P<0.05). The HBV DNA-positive prevalence was not associated with age or HBeAg in either the low-or the high-level HBsAg group (P>0.05; data not shown).
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Comparison and association analysis of APRI with HBsAg, HBV DNA and liver function. The 1,980 cases of ASC in the high-level HBsAg group were divided into three subgroups based on their HBsAg levels (≥10-100, ≥100-200 and ≥200 IU/ml). With the exception of HBV DNA and age in subjects with ASC, there were no statistically significant differences in APRI, ALT, AST, PLT, TBil or ALB among the HBsAg level groups (<10, ≥10-100, ≥100-200 and ≥200 IU/ml) according the SNK-q test (P>0.05) or the Kruskal-Wallis H-test (P>0.05; Table VI) .
Results of serotype and genotype tests in the low-level and high-level HBsAg groups. The S gene sequencing success rate in the low-level HBsAg group (78.35%, 76/97) was lower than that in the high-level HBsAg group (94.0%, 94/100; P<0.05). The major serotype of the low-level HBsAg group was adw (85.53%, 65/76) and the major genotype was B (89.47%, 68/76). There were statistically significant differences between the low-level and high-level HBsAg groups in the distribution of serotypes and genotypes (P<0.05; Table VII ).
Discussion
China is among the countries with the highest prevalence of HBV infection. HBV infection in China is mainly caused by perinatal or early childhood transmission (33) . Since the launching of a nationwide HBV vaccination program for neonates by the National Health and Family Planning Commission of the P.R. China in 1992, significant progress has been made in the control of the HBV epidemic. The prevalence of HBsAg was reduced to 2.1% among all children (born during the period of 1992-2001) and to 1.0% among children born after 1999. Universal HBV vaccination of infants has led to a marked decrease in HBV epidemiology, with the prevalence of HBsAg positivity declining from 9.75% in 1992 to 7.18% in 2006 (31, 34) . The results of the present study indicated that the prevalence of HBsAg positivity in adults was 5.62%; this lower rate may be mainly due to the popularization of HBV vaccination (31) , the widespread use of clinical anti-viral drugs (35) and the application of sensitive diagnostic reagents (3, (36) (37) (38) . It was revealed that patients with HBV infection and low HBsAg levels accounted for 15.41% (392/2,544) of the total HBsAg-positive population (2,544 patients) and that the HBsAg-positive prevalence demonstrated a tendency to increase with age based on logistic regression analysis (OR: 1.232; 95% CI: 1.15-1.33; P<0.05) and linear-by-linear association (P<0.05). The male-to-female ratio was ~1.9:1 for low-level HBsAg patients; this was similar to the ratio in the high-level HBsAg group, but the average age of the low-level HBsAg group (54.98±16.28 years) was higher than that of the high-level HBsAg group (43.63±10.97 years). In the low-level HBsAg group, the major serological pattern and clinical type were HBV-M1 (94.90%) and ASC (97.95%), respectively. HBV DNA had a low-level of replication and the positive prevalence of HBV DNA detection by the routine method and the enrichment method was 27.74% (97/392) and 45.92% (180/392), respectively. There were no significant differences among the age groups in the different HBsAg level groups (P>0.05). The HBV DNA-positive prevalence was associated with HBsAg of the serological pattern HBV-M2 only in the low-level HBsAg group (OR: 1.30; 95% CI: 1.15-1.47; P<0.05). The hepatic fibrosis index APRI was not associated with age, HBsAg, HBV DNA or liver function index in ASC patients in the low-level HBsAg group (P>0.05). Serotype adw (85.53%) and genotype B (89.47%) were prevalent in the low-level HBsAg group.
In the present study, HBsAg <10 IU/ml was selected as the cut-off value for defining a low-level HBsAg population. The major reason for this is as follows: Since the late 1990s, our group has been continuously engaged in the study of HBV-infected populations with low-level HBsAg. At that time, the standard HBsAg serum concentrations of 2 ng/ml (critical level), 5 ng/ml (low-level) and 400 ng/ml (high-level) were provided by the Center of Clinical Laboratory, Ministry of Public Health, China (standard substance no. 9807). In 2002, our group performed a study on the distribution of HBV infection with low-level HBsAg (<5 ng/ml) in a Chinese population (3) . Based on the results, the HBsAg standard serum level of 5 ng/ml was adopted as a basis for defining a population with low-level HBsAg. In fact, the low-level HBsAg standard serum concentration of 5 ng/ml is equivalent to 0.80 Abs (ELISA), 72S/N (Microparticle Enzyme Immunoassay, MEIA) and 10 IU/ml (CMIA) (3, 6, 7, 33) . To ensure the comparability of the study results, an HBsAg level of 10 IU/ml was always used as the low-level threshold for grouping.
It is known that the fibrosis status of HBsAg carriers affects their clinical outcome. HBV infection may cause liver fibrosis, leading to cirrhosis and hepatocellular carcinoma. In the present study, the fibrosis status of ASCs with low-level HBsAg was assessed by determining the APRI. The results indicated that the APRI was not associated with age, HBsAg level, log HBV DNA or liver function index in ASCs with low-level HBsAg (P>0.05), but that it was associated with age (B: 0.09; 95% CI: 0.05-0.14, P<0.05) in ASCs with high-level HBsAg. APRI was associated with log HBsAg (B: -0.59; Table VI . Clinical laboratory parameters for ASC patients. (40) . A previous study by our group reported that low HBsAg levels were not associated with low HBV DNA replication (6); however, this may be due the fact that the Abbott AXSYM immunoassay analyzer used at that time had a low accuracy to quantify HBsAg (qualitative kit with an HBsAg units of S/N), and PCR primarily had a low sensitivity for the quantification of low-level HBV DNA (<1,000 copies/ml) (41) . With enhanced capabilities for the detection of HBV markers and HBV DNA, low HBsAg (<0.05 IU/ml) and HBV DNA (nucleic acids extracted using immunomagnetic beads, <30 IU/ml), low-level analytes may be accurately quantified (42, 43) . In the present study, a routine method and an enrichment method were used to perform HBV DNA extraction and measurement in the low-level HBsAg group, yielding positive percentages of 24.74% (97/392) and 45.92% (180/392), respectively. These prevalences are higher than those reported in the literature for the routine method (10.3%) and the enrichment method (34.6%) (44) . Therefore, the present re-assessment of the low-level HBsAg population contributes relevant clinical, epidemiological and molecular biological information.
The low-level HBsAg population may be classified as a single serological pattern (HBsAg/anti-HBe/anti-HBc-positive) or as ASCs according to the clinical classification used. These patients are in an inactive state according to their HBV infection history (26, 27) . The present results indicated that in the low-level HBsAg group, the major serological pattern was HBV-M2 (HBsAg/anti-HBe/anti-HBc-positive) (94.90%) and the major clinical type was ASC (97.95%), while in the high-level HBsAg group, the major serological pattern and the major clinical type were still HBV-M2 (75.60%) and ASC (79.41%). A previous study reported significant positive correlations between the HBsAg and HBeAg levels, and between the HBsAg and HBV DNA levels. This may be the major reason for the prevalence of HBV-M2 and ASC in the low-level HBsAg group (45) . In the present study, a detailed analysis of multiple aspects of the clinical characteristics of the low-level HBsAg population was performed (HBsAg level, serological pattern, clinical type, sex and age grouping). Further characteristics of this population regarding the serological pattern, genotype and nucleic acid sequences will be presented in a subsequent study. The occurrence of low-level HBsAg may be the result of the natural clearance of chronic infection in certain populations (38, 39) . However, preliminary analyses in previous studies by our group provided other possible explanations (6, 7) . The presence of low-level HBsAg populations in which an overwhelming majority of infected persons are in the inactive state or asymptomatic cannot be entirely attributed to mutations in the S gene. The function of the entire HBV genome may affect HBsAg expression, resulting in a low total HBsAg concentration, or alternatively, the individual's immune system may not be able to completely remove HBsAg and its immune complex after HBV infection; thus, HBsAg may be maintained at a low-level over a long period of time. This phenomenon would be expected to induce a certain degree of immune tolerance. Therefore, systematic research on low-level HBsAg populations has important clinical and epidemiological significance for the improvement of HBV serological marker detection, clarification of the mechanism of the production of low-level HBsAg, examination of the ability to overcome immune tolerance and eliminate HBV infection, and prevention of HBV transmission.
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